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INTRODUCTION 


Wire  rope  inspection  is  a  problem  to  the  Navy.  At  present  only  the 
outside  surface  of  wire  ropes  can  be  inspected  for  broken  wires,  wear, 
and  corrosion.  Typically,  an  inspector  uses  a  rag  held  around  a  moving 
wire  rope  as  an  aid  in  finding  broken  wires  (Figure  1).  Caliper  measure¬ 
ments  of  the  outside  diameter  of  the  wire  rope  give  data  on  wear,  and 
rust  stains  indicate  corrosion.  However,  inspection  cannot  be  complete 
without  knowledge  of  the  condition  of  the  interior  of  the  rope.  Therefore, 
wire  rope  replacement  criteria  are  based  on  conservative  standards, 
because  the  alternative  is  risk  of  injury  or  loss  of  life  from  a  rope 
failure . 

Nondestructive  test  (NDT)  devices  have  the  capability  to  detect 
broken  wires,  wear,  and  corrosion  throughout  the  entire  cross  section  of 
a  metallic  wire  rope.  This  inspection  technique  is  an  order  of  magnitude 
superior  to  the  present  visual  method.  Because  the  condition  of  the 
rope  is  known  with  confidence,  accidents  could  be  reduced  and  replacement 
criteria  improved. 

The  Office  of  Safety  and  Health  Administration  (OSHA)  requires  that 
wire  ropes  be  inspected  periodically  (frequency  of  inspection  depends  on 
the  application.)  The  Department  of  Defense  follows  OSHA  guidelines, 
and  many  man-hours  are  used  for  wire  rope  inspections.  Potential  users 
of  NDT  inspection  equipment  within  the  Department  of  Defense  are  numerous. 
The  following  applications  are  indicative  of  potential  users: 

-  Crane  wire  ropes 

-  Personnel  elevator  wire  ropes 

-  Ship  cargo  elevator  wire  ropes 

-  Bridge  cables 

-  Mooring  lines 

-  Underway  replenishment  cables  for  ships 

-  Catapults  and  arresting  cables  on  aircraft  carriers 

-  Undersea  cable  arrays 

-  Tether  lines  for  diving  bells 

-  Guy  lines  for  transmission  and  receiving  antenna  towers 

-  Tramway  wire  ropes 

To  expand  on  one  application,  that  of  cranes,  the  Long  Beach  Naval 
Shipyard  has  about  430  cranes,  both  large  and  small,  that  require  inspec¬ 
tion.  This  shipyard  is  only  one  of  eight  Navy  yards.  The  inspectors 
have  the  authority  to  "red  tag"  any  wire  rope  that  they  deem  unsafe  and, 
thus,  prevent  the  use  of  the  crane  until  the  rope  is  replaced.  NDT 


equipment  would  greatly  help  the  inspector  in  making  decisions  on  whether 
a  wire  rope  is  safe  by  supplying  technical  data  on  the  condition  of  the 
rope.  Also,  because  some  conservativism  can  be  replaced  by  knowledge, 
it  is  likely  that  wire  ropes  will  remain  in  service  for  longer  periods 
of  time. 

This  report  on  evaluating  nondestructive  test  equipment  for  wire 
rope  was  sponsored  by  the  Naval  Facilities  Engineering  Command  under  the 
Specialized  Inspection  Systems  (SPINS)  Project. 


BACKGROUND 

NDT  <t?uipment  for  inspection  of  wire  rope  has  been  used  for  over  25 
yr  by  the  mining  industry  in  many  countries.*  The  United  States  has  not 
participated  in  the  mining  industry's  development  of  NDT  inspection 
equipment . 

Two  basic  types  of  equipment  have  been  developed,  which  will  be 
jointly  called  "individual  AC/DC  units."  The  AC  unit  uses  alternating 
current  to  produce  an  electromagnetic  field  to  detect  loss  of  metallic 
area  in  the  wire  rope.  The  DC  unit  uses  permanent  magnets  (analogous  to 
a  steady  direct  current)  to  detect  broken  wires.  Typically,  either  AC 
or  DC  equipment  is  used  in  an  inspection,  seldom  both.  If  DC  is  used, 
the  wire  rope  needs  to  be  demagnetized  before  AC  can  be  used.  The 
degaussing  process  is  slow. 

Recently  a  Canadian  firm**  developed  a  "unitized  AC/DC  system." 

This  equipment  can  perform  the  functions  of  the  individual  AC/DC  units 
during  one  pass  of  the  wire  rope  through  a  sensor  head.  The  equipment 
also  has  the  feature  of  inspecting  wire  rope  traveling  at  speeds  from 
extremely  slow  to  fast  (0  -  500  fpm) ,  whereas  the  individual  DC  unit  can 
only  function  at  rope  speeds  ranging  from  50  to  500  fpm.  The  slow 
speeds  are  invaluable  when  trying  to  locate  broken  wires  for  detailed 
visual  inspection. 

During  1979,  the  Civil  Engineering  Laboratory  worked  with  an  indi¬ 
vidual  DC  unit.  A  U.S.  firm,***  which  manufactured  NDT  equipment  for 
quality  control  inspection  of  small  diameter  pipe,  was  contracted  by  CEL 
to  adapt  their  equipment  to  1-1/8-inch-diameter  wire  rope.  The  equipment 
used  the  same  engineering  principles  of  operation  as  the  individual  DC 
unit  for  wire  ropes.  The  equipment  was  tested,  and  the  results  were 
reported  in  Reference  1.**** 


*Partial  list  of  manufacturers  of  NDT  equipment  for  wire  rope: 

Kundig  AG,  Switzerland 

Academy  of  Mining  and  Metallurgy,  Poland 

Rotesco  Ltd.,  Canada 

ACMI ,  Belgium 

Mitsui  Miike,  Japan 

Plessey-Slack,  South  Africa 

**Noranda  Research  Centre,  Quebec,  Canada.  [Manufacturer  is  Heath  and 
Sherwood  (1964)  Limited,  Ontario,  Canada.] 

***Magnetic  Analysis  Corporation,  New  York. 

****Civil  Engineering  Laboratory.  Technical  Memorandum  M-40-80-2-R: 

Report  on  NDT  inspection  of  wire  rope  using  electromagnetic  equipment, 
by  Earl  F.  Buck,  Phillip  C.  Zubiate,  and  Harvey  H.  Haynes.  Port 
Hueneme,  Calif.,  Mar  1980. 
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During  the  same  time  period,  Noranda  began  to  market  a  unitized 
AC/DC  unit,  called  a  Magnograph.  CEL  observed  a  demonstration  test  and 
subsequently  procured  a  Magnograph  unit  for  test  and  evaluation  work. 

During  one  sequence  of  laboratory  and  field  tests,  individual  AC/DC 
units  were  tested  side-by-side  with  the  Magnograph.  The  Mine  Safety  and 
Health  Administration,  who  owned  and  operated  the  individual  AC/DC  units 
for  about  1  year,  came  to  CEL  with  its  equipment  and  an  experienced 
operator  for  the  comparison  tests.  The  results  of  the  comparison  are 
presented  herein  along  with  other  results  and  information  on  the  Magnograph 
unit. 


THEORY 

The  principles  of  operation  for  the  individual  AC/DC  units  and  the 
unitized  AC/DC  unit  will  be  discussed  in  the  following  sections. 

Individual  AC/DC  Units 


DC  Unit:  In  the  DC  unit,  strong  permanent  magnets  are  placed 
around  a  section  of  wire  rope  so  that  the  rope  becomes  saturated  with 
magnetic  lines  of  flux  (Figure  2).  Lines  of  flux  can  be  observed  by 
iron  filings  sprinkled  on  top  of  a  piece  of  paper  having  magnets  under¬ 
neath  (Figure  3) .  The  flux  appears  to  "flow"  from  the  north  to  south 
pole;  however,  the  lines  are  stationary.  The  lines  of  flux  are  also 
distinct  because  of  the  existence  of  both  attractive  and  repulsive 
forces.  Saturation  means  that  if  stronger  magnets  were  used,  the  number 
of  lines  of  frux  for  a  given  cross  section  (flux  density)  would  remain 
essentially  unchanged. 

If  a  broken  wire  were  present  in  a  saturated  section  of  rope,  then 
a  north  and  south  pole  would  be  formed  and  the  lines  of  flux  would 
"jump"  the  gap  (Figure  4).  It  is  these  lines  of  flux,  called  flux 
leakage,  that  can  be  detected  to  indicate  a  broken  wire.  Pitting  from 
corrosion  and  localized  wear  will  also  interrupt  the  saturated  lines  of 
flux  and  cause  flux  leakage. 

A  classic  physics  experiment  is  to  demonstrate  that  a  magnetic 
field  can  produce  an  induced  voltage  in  a  conductor  that  is  passed 
through  the  magnetic  field.  The  conductor,  passing  at  right  angles 
through  the  lines  of  flux,  must  have  a  minimum  travel  speed  through  the 
flux  field  in  order  for  the  voltage  to  be  large  enough  to  measure 
(Figure  5). 

Flux  leakage  in  the  wire  rope  is  detected  by  using  this  phenomenon. 
However,  in  this  case,  the  conductor  is  a  search  coil  that  is  held 
stationary  while  the  magnetic  field  is  moving.  In  the  inspection  equip¬ 
ment,  search  coils  are  placed  around  the  saturated  wire  rope  between  the 
poles  of  the  permanent  magnet.  The  rope  travels  at  some  minimum  speed; 
thus,  any  flux  leakage  will  also  be  moving  and  will  pass  through  the 
search  coils  (Figure  6).  When  this  occurs,  an  induced  voltage  is  gener¬ 
ated  in  the  search  coils,  and,  by  proper  amplification  and  conditioning 
of  the  signals,  the  broken  wire  is  detected. 

For  the  DC  unit,  there  must  be  relative  motion  between  the  sensor 
coil  and  the  wire  rope.  This  means  that  the  rope  must  travel  through 
the  sensor  head  or,  for  a  stationary  rope,  the  sensor  head  must  travel 
along  the  wire  rope.  A  minimum  velocity  of  about  50  fpm  is  required. 
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Below  this  speed  the  induced  voltage  in  the  sensor  coil  is  too  small  to 
detect  broken  wires.  The  velocity  must  also  remain  constant  for  signal 
strength  to  be  consistent;  however,  to  account  for  changes  in  velocity, 
the  DC  unit  is  built  with  a  tachometer  coupled  to  an  amplifier  so  that 
signal  strength  can  be  amplified  for  changes  in  velocity. 

Two  search  coils  are  usually  built  into  the  sensor  head,  as  shown 
in  Figure  6,  to  allow  the  head  to  clamp  around  the  rope.  Data  output 
can  take  several  forms  because  signals  from  two  search  coils  are  avail¬ 
able.  Usually  two  output  traces  are  shown  so  signals  from  coil  A  and  B 
can  be  displayed  as  a  combination  of  A,  B,  A  +  B,  (A  +  B)2  or  AB. 
Typically  the  data  is  displayed  as  A  +  B  on  one  trace  and  (A  +  B)2  on 
the  second  trace. 

AC  Unit:  A  relatively  weak  alternating  magnetic  field  is  produced 
by  electromagnets  in  an  AC  unit  sensor  head.  These  magnets  function  as 
the  primary  coil  of  a  transformer  (Figure  7).  The  wire  rope  serves  the 
purpose  of  the  ferromagnetic  core  of  a  transformer.  A  secondary  coil  in 
the  middle  of  the  sensor  head  produces  an  output  voltage  that  is  propor¬ 
tional  to  the  magnetic  flux  "flowing"  through  the  wire  rope.  Variations 
in  the  cross-sectional  area  of  the  wire  rope  influences  the  strength  of 
the  magnetic  flux  field  and,  thus,  the  strength  of  the  output  voltage. 
Hence,  loss  of  metallic  area  can  be  measured  by  the  output  voltage. 

The  sensor  coil  measures  the  metallic  volume  over  a  2-  to  3-inch 
length  of  wire  rope.  Wear  and  corrosion  can  produce  a  significant 
volume  change  within  the  finite  length,  but  a  single  broken  wire  with  a 
small  gap  between  the  ends  reduces  the  volume  insignificantly.  If  many 
breaks  occur  within  the  finite  length  or  a  wire  is  missing,  then  a 
defect  signal  may  be  recorded. 

In  the  AC  unit,  the  magnetic  flux  field  always  varies  with  time 
because  of  the  alternating  field.  Hence,  a  voltage  is  produced  in  the 
sensor  coil  wh<_L.ier  or  not  the  rope  moves. 

Because  of  the  alternating  magnetic  field,  small  electric  currents 
are  induced  that  circulate  around  the  rope  axis  within  and  between  the 
wires.  These  eddy  currents  also  alternate  and  produce  their  own  magnetic 
fields  which  tend  to  oppose  that  from  the  primary  field.  This  opposition 
produces  a  phase  shift  between  the  peaking  of  the  magnetizing  current 
and  that  of  the  sensor  coil  voltage.  Built-in  circuits  in  the  instru¬ 
mentation  utilize  the  phase  shift  to  produce  a  second  data  trace.  The 
first  data  trace,  called  X,  is  essentially  proportional  to  the  axial 
component  of  the  flux  field  in  the  rope,  and  therefore,  measures  loss  of 
metallic  area.  The  second  trace,  called  R,  is  proportional  to  the 
magnitude  of  the  eddy  currents  and  reflects  conditions  within  the  rope 
that  cause  changes  in  the  eddy  currents.  Corrosion  products  or  lay 
tightening  or  loosening  will  affect  the  passage  of  eddy  currents.  Thus, 
by  comparing  the  X  and  R  traces,  wear  and  corrosion  can  usually  be 
differentiated. 

Unitized  AC/DC  Unit 


The  unitized  AC/DC  unit  uses  a  sensor  head  having  strong  permanent 
magnets  to  saturate  the  wire  rope  with  magnetic  flux.  This  is  similar 
to  the  individual  DC  unit;  however,  the  means  of  sensing  the  faults  in 
the  rope  is  different.  Hall  effect  sensors  are  used  to  detect  faults. 
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Hall  effect  sensors  are  solid  state  devices  which  can  detect  and 
accurately  measure  magnetic  fields.  Figure  8  shows  a  sketch  of  a  sensor. 
Electrical  wires  are  bonded  to  all  four  sides  of  a  semiconductor  chip. 

A  constant  current  is  passed  between  two  opposing  edges.  The  other  two 
edges  develop  a  potential  difference  when  the  semiconductor  chip  is 
placed  in  a  magnetic  field.  The  potential  difference  developed  by  the 
sensor  is  directly  related  to  the  strength  of  the  flux  field.  Static 
magnetic  fields  can  be  measured;  this  is  a  feature  not  available  in  the 
individual  AC/DC  units.  This  means  that  ropes  traveling  at  extremely 
slow  speeds  can  be  inspected,  which  is  desirable  when  trying  to  pinpoint 
a  fault  location. 

Figure  9  shows  the  placement  of  Hall  effect  sensors  in  the  Magnograph 
sensor  head  which  clamps  around  a  wire  rope.  The  Hall  effect  sensors 
located  between  the  poles  of  the  magnets  pick  up  flux  leakage,  which 
indicates  broken  wires  or  other  local  faults  (or  LF).  The  Hall  effect 
sensors  at  the  poles  of  the  magnets  measure  the  quantity  of  flux  "flowing" 
into  the  wire  rope.  When  the  cross-sectional  area  of  steel  changes,  so 
does  the  flux  "flowing"  into  the  rope;  thus,  loss  of  metallic  area  (or 
LMA)  is  measured. 


TESTS 


Laboratory 


A  laboratory  test  was  conducted  on  a  new  steel  wire  rope,  6  x  19 
independent  wire  rope  core,  1-1/8-inch  diameter,  extra  improved  plow 
steel,  right  lay  hoisting  rope,  which  contained  man-made  faults.  Indi¬ 
vidual  AC/DC  units  were  tested  along  with  the  Magnograph  unit  (Figure  10). 

Data  from  the  tests  are  shown  in  Figures  11  through  13.  The  numbers 
on  the  traces  identify  the  various  faults,  which  are  explained  as: 


1.  "Broken"  outside  wire:  A  piece  of  wire  2  inches  long  (cut 
from  the  end  of  the  rope)  was  taped  into  the  groove  between 
two  strands. 

2.  Corrosion:  A  section  of  wire  rope  about  18  inches  long  was 
soaked  in  nitric  acid  for  35  minutes  to  produce  mild  corrosion 
of  the  steel. 

3.  Broken  outside  wire:  A  single  wire  on  the  outside  surface 
was  cut  with  a  chisel. 

4.  Wear:  A  hand-held  power  grinder  was  used  to  wear  away  steel. 

5.  "Broken"  inside  wire:  A  piece  of  wire  1  inch  long  (cut  from 
the  end  of  the  rope)  was  inserted  in  the  middle  of  the  wire 
rope. 


Figure  11  shows  the  data  from  the  individual  DC  unit.  The  top 
trace  presents  the  data  for  sensor  coils  A  and  B  as  the  square  of  the 
sura  (A  +  B)2  and  the  bottom  trace  as  the  sum  A  +  B.  The  broken  wires, 
numbers  1,  3,  and  5,  were  detected  well.  Note  that  the  direction  of  the 
signal  spike  is  in  the  opposite  direction  for  the  added  wires,  numbers  1 
and  5,  than  that  for  the  cut  wire,  number  3. 
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Corrosion  pitting  and  local,  uneven  wear  cause  flux  leakage;  these 
faults  (numbers  2  and  4)  were  detected.  Fault  number  2  appears  to  be  a 
larger  wire  break  (or  the  sum  of  several  wire  breaks)  than  that  of 
faults  1  and  3;  however,  corrosion  can  usually  be  distinguished  from 
broken  wires  because  of  the  length  of  rope  over  which  corrosion  occurs. 
This  test  rope  had  an  unrealistically  short  length  of  rope  with  corrosion. 

Figure  12  shows  the  data  from  the  individual  AC  unit.  Little  data 
could  be  obtained  from  the  AC  unit  because  the  equipment  was  designed 
for  field  test  situations.  The  full-scale  LMA  trace  was  factory  set  at 
25%;  hence,  with  the  pen  set  in  the  middle  of  the  trace  a  ±12.5%  loss  of 
metallic  area  could  be  recorded.  Faults  2  and  4  had  LMA  readings  around 
0.5%  which  were  too  small  for  the  AC  equipment  to  record.  The  chart 
paper  speed  was  also  factory  set  at  one  speed,  2  mm/sec,  which  is  appro¬ 
priate  for  long  lengths  of  rope  (thousands  of  feet)  but  not  the  short 
test  length  of  wire  rope.  The  bottom  R  trace,  which  gives  a  relative 
indication  of  magnetic  permeability,  did  not  produce  meaningful  data 
during  the  laboratory  test. 

Figure  13  shows  the  data  from  the  Magnograph  unit.  The  top  trace 
is  LMA  data  and  bottom  trace  LF  data.  The  LMA  full-scale  setting  was 
set  at  5%;  hence,  faults  2  and  4  were  both  recorded  as  having  an  LMA  of 
0.5%.  The  LF  trace  was  essentially  identical  to  that  of  Figure  11. 
Interpretation  of  data  is  made  easier  by  having  the  LMA  and  LF  traces 
together.  The  corrosion  faults,  2  and  4,  can  be  distinguished  from  the 
broken  wire  faults  of  1,  3  and  5. 

Field  Tests 


Manitowoc  Crane:  The  load  line  to  a  Manitowoc  crane,  series  4100, 
having  a  lift  capacity  of  300  tons,  was  inspected  using  individual  AC/DC 
units  and  the  Magnograph  unit.  The  wire  rope  was  a  6  x  19  independent 
wire  rope  core,  1-1/8-inch  diameter,  improved  plow  steel,  right  lay 
hoisting  rope.  Approximately  600  ft  of  wire  rope  was  inspected. 

The  individual  DC  unit  produced  a  trace  of  local  faults  that  showed 
three  definite  defects  and  two  probable  defects.  The  signal  size  for 
the  probable  defects  was  larger  than  background  noise  but  not  as  large 
as  the  other  defect  signals.  No  attempt  was  made  to  try  to  locate  the 
defects  in  the  wire  rope  because:  (a)  there  was  no  means  to  pinpoint  the 
defects,  (b)  a  length  of  rope  from  3  to  5  yards  long  would  have  had  to  be 
cleaned  and  searched,  and  (c)  inspection  by  the  Magnograph  was  to  follow 
where  the  defects  could  be  pinpointed. 

Prior  to  using  the  individual  AC  unit,  the  wire  rope  was  degaussed. 

The  process  was  not  only  slow  but  also  unsafe.  The  design  of  the  degaussing 
equipment  required  that  the  unit  be  held  by  hand  as  the  rope  moved 
through  at  a  maximum  speed  of  50  fpm  (Figure  14).  The  close  proximity 
to  a  moving  wire  rope  while  the  inspector's  body  became  fatigued  holding 
the  degaussing  box  was  unsafe.  In  addition,  the  copper  strap  clamp  over 
the  wire  rope  became  hot  from  resistance  to  current  flow. 

In  some  situations,  the  AC  unit  could  be  used  before  the  DC  unit  so 
that  degaussing  may  not  be  necessary.  However,  any  stray  magnetic  flux 
picked  up  by  sections  of  a  wire  rope  produce  erroneous  readings  on  the 
AC  trace;  those  sections  of  wire  rope,  and  only  those  sections,  need  to 
be  degaussed.  If  at  any  time  previously  (meaning  months  and  years),  the 
wire  rope  was  inspected  with  a  DC  unit,  then  the  wire  rope  needs  to  be 
degaussed . 
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The  AC  unit  was  set  up  on  the  wire  rope,  but  an  inspection  was  not 
completed.  Data  were  unusable  because  clean  115  VAC  line  power  was  not 
available.  A  generator  source  and  available  shore  power  source  were 
tried;  however,  time  was  not  sufficient  to  try  other  sources.  Electrical 
equipment  problems  were  encountered. 

The  Magnograph  unit  was  the  equipment  tested  last.  Degaussing  was 
not  necessary  prior  to  using  the  Magnograph  unit.  The  local  fault  trace 
showed  three  distinct  defects  while  the  loss  of  metallic  area  trace 
showed  negligible  wear  or  corrosion.  After  locating  the  defects,  they 
were  identified  as:  (a)  a  1-inch-long  piece  of  wire  that  had  been  com¬ 
pletely  sheared  off,  (b)  peening  from  the  cable  hitting  the  side  of  the 
drum,  and  (c)  a  nick  on  an  outside  wire. 

The  defects  coincided  with  those  from  the  DC  unit  in  signal  size 
and  relative  location  along  the  length  of  the  wire  rope.  The  Magnograph 
unit  showed  absolutely  no  indication  of  the  two  probable  faults  shown  on 
the  DC  trace.  Standard  procedure  calls  for  a  wire  rope  to  run  through 
the  sensor  head  twice  so  that  signal  peaks  from  stray  background  noise 
can  be  eliminated  as  probable  defect  signals.  Two  runs  were  made  with 
the  DC  unit  and  the  probable  defect  signals  appeared  both  times.  Two 
runs  were  also  made  with  the  Magnograph  unit  and  no  indication  of  the 
questionable  defects  were  found.  It  is  the  opinion  of  the  authors  that 
the  probable  defects  did  not  exist.  Subsequent  testing  indicated  that 
the  signal  strength  for  the  probable  defects  was  too  small  to  be  faults. 

Floating  Crane:  A  floating  crane,  YD171,  having  a  lift  capacity  of 
350  tons,  is  stationed  at  the  Long  Beach  Naval  Shipyard  (Figure  15). 

The  crane  was  built  in  Germany  in  1941  and  brought  to  the  United  States 
after  WW  II.  Since  1946,  the  records  show  that  the  main  wire  ropes  have 
not  been  replaced. 

The  crane  has  a  left  and  right  main  wire  rope  which  service  separate 
hooks  of  175  tons  lift  capacity.  Both  of  the  wire  ropes  were  scheduled 
for  replacement  by  using  "new"  wire  ropt  that  came  with  the  crane.  The 
Civil  Engineering  Laboratory  inspected  the  main  wire  ropes  and  the 
replacement  wire  ropes  with  the  Magnograph  equipment. 

Both  main  wire  ropes  were  8  x  36  construction,  1-7/8  inches  in 
diameter;  however,  the  left  main  rope  had  a  fiber  core  and  the  right 
main  rope  had  an  independent  wire  rope  core.  The  replacement  wire  ropes 
were  of  the  same  size  as  the  ropes  in  use  and  both  had  an  independent 
wire  rope  core. 

Each  wire  rope  was  930  yards  long.  For  the  wire  ropes  on  the 
crane,  the  middle  730  yards  were  inspected.  At  the  drum  end,  a  length 
of  about  100  yards  was  wrapped  on  a  drum,  and  at  the  boom  end,  about  100 
yards  was  inaccessible  for  safe  working  conditions. 

The  results  from  the  inspection  found  one  broken  wire  in  the  right 
main  wire  rope  and  a  loss  of  metallic  area  of  about  1.5%  from  wear  and 
corrosion  in  both  main  wire  ropes.  However,  the  left  main  wire  rope, 
which  had  a  fiber  core,  showed  more  evidence  of  corrosion  pitting  in  the 
LF  trace  than  the  right  main  wire  rope.  In  any  event,  1.5%  loss  of 
metallic  area  was  low  (10%  LMA  is  the  level  for  wire  rope  replacement), 
so  the  wire  ropes  were  in  good  condition. 

The  replacement  wire  ropes  did  not  have  any  broken  wires,  but  they 
did  have  a  loss  of  metallic  area  on  the  order  of  1.5%.  Sections  of  wire 
rope  showed  corrosion  pitting  to  be  greater  for  the  replacement  rope 
than  for  the  rope  in  use.  This  finding  indicated  that  the  maintenance 
of  the  wire  rope  on  the  crane  must  have  been  excellent  over  the  years. 


! 


7 


As  an  outcome  of  the  nondestructive  test,  the  wire  rope  on  the 
floating  crane  was  determined  to  be  in  a  safe,  usable  condition  and  need 
not  be  replaced. 

COMPARISON  OF  FEATURES 

Table  1  is  a  summary  of  the  instrumentation  and  operational  features 
of  the  Magnograph  unit  and  the  individual  AC/DC  units.  The  Magnograph 
unit  uses  fewer  components  to  conduct  a  test.  Three  pieces  of  equipment, 
the  sensor  head,  electronics  section,  and  recorder  section,  are  required 
to  obtain  LF  and  LMA  data.  To  obtain  the  same  information,  the  individual 
AC/DC  units  requires  five  pieces:  DC  sensor  head,  DC  electronics  section, 
degausser  unit,  AC  sensor  head,  and  AC  electronics  section. 

The  Magnograph  unit  has  two  technical  features  that  are  superior  to 
that  of  the  individual  AC/DC  units.  First,  the  LF  and  LMA  data  are 
displayed  on  the  same  brush  chart  recorder  trace.  This  permits  a  more 
complete  interpretation  of  the  results.  It  is  a  definite  aid  to  inexpe¬ 
rienced  personnel  in  determining  what  types  of  defects  the  data  signals 
represent.  Second,  the  sensor  head  picks  up  defect  signals  at  slow  wire 
rope  speeds.  This  provides  a  means  to  quickly  locate  the  defects  for 
visual  inspection. 

SUMMARY 

Laboratory  and  field  tests  were  conducted  on  NDT  equipment  for  wire 
rope.  A  unitized  AC/DC  unit  was  found  to  provide  several  important 
features  that  individual  AC/DC  units  were  technically  unable  to  provide. 
Those  features  were: 

(a)  A  range  of  operating  speeds  from  0  to  500  fpm  for  wire  rope 
traveling  through  the  sensor  head.  The  extremely  slow  speeds 
are  important  for  locating  defects  for  visual  inspection.  An 
individual  DC  unit  is  limited  to  50  to  500  fpm. 

(b)  Data  displayed  on  a  two-channel  brush  chart  recorder  that 
showed  concurrently  the  local  faults  and  the  magnitude  of  loss 
of  metallic  area.  Data  interpretation  is  aided  by  these  two 
important  parameters  being  displayed  together.  Individual 
AC/DC  units  must  measure  local  faults  and  loss  of  metallic 

area  separately  by  using  different  equipment  for  each  parameter. 

The  unitized  AC/DC  unit,  developed  by  Noranda  Research  Centre  and 
called  the  Magnograph  unit,  performed  well  in  inspecting  metallic  wire 
ropes . 

RECOMMENDATIONS 

Based  on  the  test  and  evaluation  work  reported  herein,  the  unitized 
AC/DC  unit  has  two  important  features  over  that  of  individual  AC/DC 
units  for  Navy  applications.  Those  features  are  listed  in  the  summary 
section.  It  is  recommended  that  the  Navy  procure  unitized  AC/DC  equipment 
for  meeting  its  needs  in  inspecting  metallic  wire  rope. 


In  anticipation  of  Navy  shipyards  and  other  operational  facilities 
providing  their  inspectors  with  NDT  equipment,  it  is  recommended  that 
further  tests  be  conducted  using  the  Magnograph  unit  so  that  a  com¬ 
pendium  of  defect  signals  can  be  published  to  assist  inspectors  in  data 
interpretation.  The  operational  limits  of  the  equipment  need  further 
investigation,  and  this  information  also  needs  to  be  conveyed  to  inspectors 
by  an  operator's  manual  document. 
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battery  and  115  VDC  for  converter  if  line  power  is 

charging  or  powering  units.  not  available. 
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Figure  1.  Conventional  method  for  inspector  to  locate 
broken  wires  on  outside  of  wire  rope. 
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Figure  2.  Saturation  of  wire  rope  with  lines  of  flux. 


Figure  7.  The  basic  principle  of  the  AC  method. 


magnetic 

flux 


Figure  9.  Hall  effect  sensor  placement  for  the  Magnograph 
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DESCRIPTION  OF  NORANDA'S 
MAGNOGRAPH  EQUIPMENT 

FRONT  PANE!,  CONTROLS  -  ELECTRONICS  (Figures  A- I  and  A-2) 

1.  Power  ON/OFF  Switch  (should  be  OFF  during  battery  charging) 

2.  Powerline/Mains  connection 

3.  Sensor  Head  Connection  (NOT  necessary  during  playback  mode) 

4.  Chart  Recorder  Connection 

5.  Battery  Check  Switch: 

When  depressed,  battery  state  is  indicated  on  LMA 
analog  meter  (6) . 

6.  LMA  Analog  Meter: 

Displays  same  signal  as  the  chart  recorder  LMA  channel 
during  record  and  playback.  May  also  be  used  for  zero 
adjustment . 

7.  Metric/English  Switch: 

Selects  either  SI  or  Imperial  Units  as  the  basis  of  all 
measurements . 

8.  Rope  Direction  Switch: 

Changes  counting  direction  of  Measured  Length  Up/Down 
Counter . 

9.  Loss  of  Metallic  Area  (LMA)  Gain  Potentiometer: 

Used  to  set  the  gain  of  the  LMA  Channel  according  to  the 
size  and  type  of  rope  being  tested. 

10.  LMA  Zero  Potentiometer: 

Used  to  zero  the  LMA  Signal  before  commencing  a  test. 

11.  Offset  %  LMA  Switch: 

Used  during  a  test  (if  necessary)  to  move  the  LMA  zero 
by  a  fixed  percentage. 
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12.  Local  Fault  (LF)  Gain  Potentiometer: 


Used  to  set  the  gain  of  the  LF  Channel  according  to  the 
size  and  type  of  rope  being  tested. 

13.  LF  Zero  Potentiometer: 

Used  to  zero  the  LF  signal  before  commencing  a  test. 

14.  Compression  Band  Division  Switch: 

Used  to  reduce  the  rope  noise  component  of  the  LF  signal. 

15.  LF  Analog  Meter: 

Displays  similar  signals  to  the  Chart  Recorder  LF  channel, 
during  record  and  playback.  Also  may  be  used  for  zero 
adjustment . 

16.  Static/Dynamic  Switch: 

Normally  used  in  Dynamic  mode  for  rope  speeds  50  to 
500  fpm.  Below  50  fpm,  static  mode  should  be  selected. 

17.  Measured  Length  Counter  (and  Reset): 

Displays  distance  traveled  along  a  rope.  Counts  both 
Up  and  Down.  Can  be  Reset  using  the  push  button. 

18.  Wire  Rope  Speed: 

Displays  the  rate  of  movement  of  the  rope  through  the 
Sensor  Head. 

19.  Tape  Counter  (and  Reset): 

Indicates  position  on  the  tape  cassette. 

20.  Record/Play  Switch: 

Selects  either  Record  or  Playback  mode  for  both  the 
cassette  recorder  and  the  internal  electronics. 

21.  Cassette  Tape  Recorder  with  Standard  Controls: 

Record  Button 
Tape  Run 
Rewind 
Stop 

Fast  Forward 

22.  External  Battery  Connections 

23.  External  Battery  Power  Indicator  (illuminates  if  connection 

is  correctly  made) 
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FRONT  PANEL  CONTROLS  -  CHART  RECORDER  (Figur e  A -3) 

1.  Power  Line/Mains  Connection 

2.  External  Battery  Power  Indicator  Light  (illuminates  if  connec¬ 

tion  is  correctly  made) 

3.  External  Battery  Connections 

4.  LF  (Local  Fault)  Channel  Input  (for  test  purposes  only) 

5.  LF  Channel  Pen  Position 

6.  LF  Sensitivity  Variable  Potentiometer: 

Should  be  fully  clockwise 

7.  LF  Sensitivity  Switch: 

Should  be  set  at  10  mV  for  Magnograph  recordings 

8.  LF  Channel  Input  Shorting  Switch 

9.  LMA  Channel  Input  Shorting  Switch 

10.  Chart  Speed  Selectors: 

Used  when  TIME  BASE  mode  is  selected 

11.  Battery  State  Indicators: 

Battery  needs  recharging  when  indicator  enters  the  red 
area 

12.  LMA  (Loss  of  Metallic  Area)  Sensitivity  Switch 

13.  LMA  Sensitivity  Potentiometer: 

Should  be  fully  clockwise 

14.  LMA  Channel  Pen  Position 

15.  LMA  Channel  Input  (for  test  purposes  only) 

16.  Electronics  Section  Connector 

17.  Proportional  Drive  Selector: 

Selects  chart  recorder  timebase  or  proportional  drive 
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ARMY  DARCOM  AMCPM-CS  U  Cart).  Alexandria  VA 

ARMY  ENG  DIV  HNDED-CS.  Huntsville  AL:  HNDED-SR.  Huntsville.  AL 

ARMY  ENG  WATERWAYS  EXP  STA  Library.  Vicksburg  MS 

ARMY  ENGR  DIST.  Library.  Portland  OR 

ARMY  ENVIRON.  HYGIENE  AGCY  Water  Oual  Div  (Doner).  Aberdeen  Prov  Ground.  MD 
ARMY  MAT  SYS  ANALYSIS  ACT  Code  DRXSY-CM  (M  Ogorzalek)  Aberdeen  Proving  Cirnd  MD 
ARMY  MATERIALS  A  MECHANICS  RESEARCH  CENTER  Dr  Lenoe.  Watertown  MA 
ARMY  MOBIL  EQUIP  RAD  COM  Code  DRXFB-MR  Fort  Belvoir  VA;  F  Stora  Fort  Belvoir  VA:  Fuel 
Finding  Equip  Br  .  Ft  Belvoir.  VA;  Mr  Cevasco.  Fort  Belvoir  MD 
ARMY  MTMC  Trans  Engr  Agency  (D  F  Eichhorn)  Newport  News  VA 

ARMY  TRANSPORTATION  SCHOOL  MAJ  T  Sweeney.  Code  ATSP  CD-VE  Fort  Uustis  VA;  Y  Ou.nbv  Code 
ATSP-CPO-MS  Fort  Eustis  VA 

ARMY  TRNG  A  DOCTRINE  C  MD  Code  ATCD-SP-L  Fort  Monroe  VA 

ASST  SECRETARY  OF  THE  NAVY  Spec.  Assist  Energy  (Leonard).  Washington.  DC.  Spec  Assist 
Submarines,  Washington  DC 

BUREAU  OF  COMMERCIAL  FISHERIES  Woods  Hole  MA  (Biological  Lab  Lib.) 

BUREAU  OF  RECLAMATION  Code  1512  (C.  Selander)  Denver  CO 
CENTER  FOR  NAVAL  ANALYSES  Document  Center  (Darke).  Arlington.  VA 
CINCLANT  Civil  Engr  Supp  Plans.  Ofr  Norfolk.  VA 
CINCPAC  Fac  Engrng  Div  (J44)  Makalapa.  FJI 
CNAVRES  Code  13  (Dir.  Facilities)  New  Orleans.  LA 

CNM  Code  03462.  Washington  DC;  Code  043  Washington  DC':  Code  MAT-08T3.  Washington.  DC 
CNO  Code  NOP-1) 64,  Washington  DC;  Code  OP  323,  Washington  DC;  Code  OP  405.  Washington  DC;  Code  OP 
405.  Wasington  DC;  Code  OP  414  Washington  DC;  Code  OP  414.  Washington  DC:  Code  OP  97  Walshinton 
DC;  Code  OP  97  Washington  DC:  Code  OP  9X7  Washington  DC;  Code  OP  9X7  Washinton  DC:  Code  OP323 
Washington  DC:  Code  OPNAV  09B24  (H);  Code  OPNAV  22.  Wash  DC:  Code  OPNAV  23.  Wash  DC: 
OIK^J  (J.  Boosman).  Pentagon 
COMCBPAC  Operations  Off.  Makalapa  HI 
COMDEVGRUONE  San  Diego,  CA 
COMFAIRWESTPAC  Security  Offr.  Misawa  Japan 
COMFLEACT,  OKINAWA  PWO.  Kadena.  Okinawa 
C'OMNAVBEACHPHIBREFT  RAGRU  ONE  San  Diego  CA 
C'OMNAVMARIANAS  Code  N4,  Guam 
COMOCEANSYSPAC  SCE.  Pearl  Harbor  HI 
COMSUBDEVGRUONE  Operations  Offr,  San  Diego.  CA 
NAVSURFLANT  Norfolk.  VA 
NAVSURFPAC  San  Diego,  CA 

C'OMOPTEVFOR  CMDR.  Norfolk.  VA;  Code  701A.  San  Diego.  CA 


1)1  Ff  NSI  INTELLIGENCE  AGENCY  Dir..  Washington  DC 

DISIl  Anns  Logistics  Met  C  enter.  Fort  l  ee.  VA 

ON  A  S  I  I  I  .  W  ashington  DC 

DOF  Dr  Cohen:  Lilliek.  Richmond.  WA 

D  1 1C  Defense  technical  Info  C'tr  Alexandria.  VA 

DTNSRDC  Anna  l.ah  (C  ode  1175)  Annapolis  Ml):  Anna  l  ah  (Code  1175)  Annapolis  MD:  Anna  Lab  (Code 
1568)  Annaptrlis  MD 

DTNSRDC  Code  17:  (M  KrenAe).  Hethesda  MD 

DTNSRDC  Code  :7S5  (Bloonujinst).  Annapolis.  MD:  Code  284  (A  Rufolo).  Annapolis  MD 

DINSRDC  Code  4111  (R  Gierieh).  Hethesda  MD 

DTNSRDC  Code  4131  (R  Rivers).  Annapolis.  MD 

DINSRDC  Code  42,  Bethesda  MD 

DTNSRDC  Code  522  (Library).  Annapolis  MD 

FLTCOMBATTRACENLANT  TWO.  Virginia  Beh  VA 

FMFLANT  CEC’  Olfr.  Norfolk  VA 

FMFPAC  CCi  Pearl  Harbor 

OSA  Fed.  Sup.  Serv.  (FMBP).  Washington  DC 

HCU  ONE  CO.  Bishops  Point.  HI 

KWAJALEIN  MISRAN  BMDSC-RKL-C 

LIBRARY  OF  CONGRESS  Washington.  DC  (Sciences  &  lech  Div) 

MARINE  CORPS  BASE  Camp  Pendleton  CA  92055:  Code  4.4-260.  Camp  Lcjeunc  NC:  First  Service  Support 
Group  Camp  Pendleton  CA:  M  &  R  Division.  Camp  l.ejeiine  NC ;  PWO  Camp  Lejeune  NC:  PWO.  Camp  S 
D.  Butler.  Kawasaki  Japan 

MARINE  CORPS  HQS  Code  LFF-2.  Washington  DC 

MCAS  Facil  Engr  Div.  Cherry  Point  NC:  CO,  Kaneohe  Bay  HI:  Code  PWF..  Kaneohe  Bay  HI:  Code  S4. 

Ouantieo  VA;  PWD.  Dir.  Maint.  Control  Div..  Iwakuni  Japan:  PWO  Kaneohe  Bay  HI:  PWO.  Yuma  A'Z 
MCDEC  NSAP  REP.  Ouantieo  VA:  P&S  Div  Ouantieo  VA 
MCRD  PWO.  San  Diego  Ca 
MILITARY  SEALIFT  COMMAND  Washington  DC 
NAD  Engr.  Dir.  Hawthorne.  NV 

NAF  PWD  -  Engr  Div.  Atsugi,  Japan:  PWO  Sigonella  Sicily:  PWO.  Alsugi  Japan 
NALF  OINC,  San  Diego.  CA 

NARF  Code  100.  Cherry  Point.  NC:  Code  640.  Pensacola  FL:  Equipment  Engineering  Division  (Code  61000). 
Pensacola.  FL 

NAS  CO.  Guantanamo  Bay  Cuba:  Code  114,  Alameda  CA;  Code  183  (Fac.  Plan  BR  MGR);  Code  187(H). 
Brunswick  ME;  Code  I8U  (ENS  P.J.  Hickey).  Corpus  Christi  TX;  Code  6234  (G  Trask).  Point  Mugu  CA. 
Code  70.  Atlanta.  Marietta  GA:  Code  HE,  Patuxent  Riv  .  MD:  Dir  Maint.  Control  Div..  Key  West  FL:  Dir. 
Util.  Div..  Bermuda:  ENS  Buchholz.  Pensacola.  FL  l.akehurst.  NJ:  Lead  Chief.  Petty  Offr.  PWSelf  Help 
Div.  Beevillc  TX;  OIC.  CBU  417.  Oak  Harbor  W  A;  PW  (J.  Maguire).  Corpus  Christi  TX;  PWD  Maint. 

Coni  Dir..  Fallon  NV;  PWD  Maint.  Div.,  New  Orleans.  Belle  Chasse  LA;  PWD.  Maintenance  Control 
Dir..  Bermuda;  PWD.  Willow  Grove  PA;  PWO  Belle  Chasse.  LA:  PWO  Chase  Field  Beevillc.  TX:  PWO 
Key  West  FL.  PWO.  Dallas  TX;  PWO.  Glenview  IL;  PWO.  Kingsville  TX;  PWO.  Millington  IN:  PWO. 
Miramar.  San  Diego  CA:  PWO..  Moflett  Field  CA;  ROICC  Key  West  FL;  SCE  l.ant  Fleet  Norfolk.  VA: 
SCE  Norfolk.  VA;  SCE.  Barbers  Point  HI;  Security  Offr.  Alameda  CA 
NATL  BUREAU  OF  STANDARDS  B-348  BR  (Dr  Campbell).  Washington  DC 
NAIL  RESEARCH  COUNCIL  Naval  Studies  Board.  Washington  DC 
NATNAVMEDCEN  PWO  Bethesda.  MD 
NAVACT  PWO.  London  UK 
NAVACTDET  PWO.  Holy  Lock  UK 
NAV  AEROSPREGMEDCEN  SCE.  Pensacola  FL 
NAVAVIONICFAC  PWD  Deputy  Dir  ID  71) I .  Indianapolis.  IN 
NAVCHAPGRU  CO  Williamsburg  VA 

N AVCOASTSYSCEN  Code  719,  Panama  City.  FL:  Code  772  (C  B  Koesyl  Panama  City  FI 
NAVC  OASTSYSTCY  R  CO.  Panama  City  FL;  Code  423  (D  Good).  Panama  City  FL;  Code  713  (.1  Quirk) 
Panama  City.  FI  ;  Code  715  (J  Mittleman)  Panama  City.  FL;  Library  Panama  City.  FL 
N  A  VC  OMMAREAMS  LRSTA  Code  W-6M2.  Honolulu.  Wahiawa  Ml;  Maint  Control  Div  .  Wahiawa.  III.  PWO. 
Norfolk  VA.  PWO.  Wahiawa  HI:  SCE  Unit  I  Naples  Italy 
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NAVCOMMSTA  CO.  Sun  Miguel.  R.P.;  C  ode  401  Nea  Makri.  Greece;  PWO.  Exmouth.  Auslraha;  PWO.  Port 
Amador  C  anal  /one 

NAM  ni  RAPRODUVCTN  lech  l  ibrary 
NAVEDl' TRACEN  Engr  Dept  (Code  42)  Newport.  R1 
N  M  I  l  EXSYSCOM  Code  PME-l24-b|.  Washington  DC 
NAM  NYIRHLmC  PN  CO.  Norfolk.  VA 
N.WEODFAC  C  ode  605.  Indian  Head  MD 

VAVFAC  PWO.  Cape  llatteras.  Buxton  NC;  PWO.  Centerville  Bch.  Ferndale  CA.  PW'O.  Guam 
N  AVI  AC  PWO.  |  ewes  DE 

NAVFACENCiCOM  Code  043  Alexandria.  VA:  Code  044  Alexandria.  VA:  Code  0451  Alexandria.  VA:  Code 
0453  (D.  Potter)  Alexandria.  VA;  Code  0453C  .  Alexandria.  VA.  Code  0454 B  Alexandria.  Ya;  Code  04b: 
Code  04bll)  (V  M  Spaulding)  Alexandria.  VA;  Code  04B3  Alexandria.  VA:  Code  04B5  Alexandria.  VA: 
Code  0b.  Alexandria  VA:  Code  100  Alexandria.  VA;  Code  1002B  (J.  l.eimanis)  Alexandria.  VA:  Code  1113 
(M  Carr)  Alexandria.  VA;  Code  1113  (T.  Stevens)  Alexandria,  VA;  Code  1113  Alexandria.  VA:  Morrison 
Yap,  Caroline  Is.:  P  W  Brewer  Alexandria.  VA;  PC-2  Alexandria.  VA 
NAVFACENCiCOM  -  CUES  DIV  Code  10!  Wash.  DC.  C  ode  402  (D  Scheesele)  Washington.  DC:  Code  403 
(H  DeVoe)  Wash,  DC;  Code  405  Wash.  DC:  Code  FPO-1  Wash.  DC:  Code  FPO-1  IP.  Wash.  DC;  Code 
FPO-1E.  Wash.  IX';  Contracts.  ROICC.  Annapolis  MD:  FPO-1  (Spencer)  Wash.  DC;  FPO-I  Wash.  DC 
NAVFACENCiCOM  LAN  I  DIV.  Code  10A.  Norfolk  VA:  Fur.  BR  Deputy  Dir.  Naples  Italy;  European 
Branch.  New  York:  RDT&ELO  102.  Norfolk  V'A 

NAVFACENCiCOM  -  NORTH  DIV.  (Boretsky)  Philadelphia.  PA;  CO.  Code  OOP  (I.C  DR  A  T  Stewart):  Code 
I02S.  RDT&ELO.  Philadelphia  PA:  Code  111  (Castranovo)  Philadelphia.  PA;  Code  114  (A  Rhoads); 

Design  Div.  (R  Masino).  Philadelphia  PA:  ROICC.  Contracts.  Crane  IN 
NAVFACENCiCOM  PAC  DIV.  (Kyi)  Code  101,  Pearl  Harbor.  HI:  Code  2011  Pearl  Harbor.  HI.  Code  402. 

RDT&E.  Pearl  Harbor  HI;  Commander.  Pearl  Harbor.  HI 
NAVFACENC.COM  -  SOUTH  DIV.  Code  90.  RDT&ELO.  Charleston  SC;  ROICC  (LCDR  R  Moeller). 
Contracts.  Corpus  Christi  IX 

N AVFACENGCOM  WEST  DIV  102;  112;  AROICC,  Contracts.  Twentynine  Palms  (  A:  Code  04B  San 
Bruno.  CA:  C)9P  20  San  Bruno.  CA:  RDT&ELO  Code  2011  San  Bruno,  CA 
NAV  FACENCiCOM  CONTRACT  AROIC’C.  Point  Mugu  CA;  AROIC’C’.  Ouantieo.  VA:  Code  05.  TRIDENT. 
Bremerton  WA;  Dir.  Eng  Div..  Exmouth,  Australia;  Eng  Div  dir.  Southwest  Pae.  Manila.  PI;  OICC. 
Southwest  Pae.  Manila.  PI:  OICC  ROICC.  Balboa  Canal  /one:  ROIC'C'  AF  Ciuam;  ROIC  C'  LAN!  DIV  . 
Norfolk  YA;  ROIC  C  .  Diego  Garcia  Island;  ROIC'C'.  Keflavik.  Iceland:  ROIC'C'.  Pacific.  San  Bruno  CA 
NAVMACi  SCE.  Guam 
NAVMIRO  OIC.  Philadelphia  PA 

NAVNCPYVRU  MCSF  DEI  Code  NPC-30  Port  Hueneme.  C'A 

NAVOCEANO  Code  IbOO  Bay  St.  Louis,  MS.  Code  3432  (J  DePalma).  Bay  St  Louis  MS 
NAVOCEANSYSCEN  Code  4).  San  Diego.  C’A:  Code  4473  Bayside  Library.  San  Diego.  C'A:  Code  52  (H 
lulkington)  San  Diego  CA;  Code  5204  (J.  Stachiw).  San  Diego.  CA;  Code  5214  (H  Wheeler).  San  Diego 
CA:  C'ode  5221  (R. Jones)  San  Diego  Ca;  C'ode  5311  San  Diego.  CA:  Code  6700.  San  Diego.  CA:  Research 
Lib  .  San  Diego  CA:  lech.  Library.  Code  447 
SAVORDSTA  PW'O.  Louisville  KY 
NAYPETOFF  C’ode  30.  Alexandria  V  A 

NAVPGSCOl.  D  l.eipper.  Monterey  CA:  E.  Thornton.  Monterey  CA 

NAV  PHIBASE  (  O  AC  B  ONE  San  Diego  CA:  CO.  ACB  2  Norfolk.  YA:  C’OMNAVBEACHGRC  TWO 
Norfolk  V'A:  C’ode  S3T.  Norfolk  VA:  Dir.  Amphih.  Warfare  Bril  Staff.  Norfolk.  V'A:  Harbor  Clearance 
l  nit  Two.  Little  Creek.  VA 
NAV  RADRECFAC  PWO.  Kami  Seya  Japan 

NAV  RI  (iMEDCEN  Code  MU\.  Memphis.  Millington  IN:  PWO  Newport  Rl:  PWO  Portsmouth.  VA  SCI  (D 
Kaye).  SCE  San  Diego.  CA:  SCE.  Camp  Pendleton  CA:  SCE.  (iuam;  SCI  .  Oakland  CA 
NAV  SCOLCEC'OFF  (  35  Port  Hueneme.  CA;  CO.  Code  C44A  Port  Hueneme.  CA 

NAVSI  VSYSCOM  Code  IKK’-DG  DKieorge.  Washington.  DC;  (  ode  9325.  Program  Mgr.  Washington.  IX  : 
Code  OOC  (LI  R  MacDougal).  Washington  DC.  Code  OOC-D.  Washington.  DC.  (  ode  PMN  395  A  3. 
Washington.  DC;  Code  PMS  395  A2.  Washington.  DC;  Code  Sf  \  OOC  Washington.  DC.  PMS-W5  Al. 
Washington,  DC:  PMS  395.  Washington.  IX 

NAVSFC  (J  Reagan).  Washington  DC;  (  ode  6034  ( I  ihr.iry ) .  Washington  DC:  (  ode  b!5bl).  Washington.  DC. 

(  ode  b|57D.  Washington.  DC 

NAVSLCGRCACI  Fact  I .  OIL.  Galeta  Is.  (anal  /one.  PWO.  Adak  \K  PWO.  I  d/ell  Scotland:  PWO.  Puerto 
Rico:  PWO.  Torri  Sta.  Okinawa:  Seeunts  Otfr.  Winter  Harbor  Ml 
NAVSHIPREPFAC  l  ibrary,  (mam:  SC  F  Subic  Bay 

NAVSHIPYD;  (ode  292  4.  Fong  Beach  (A.  Code  292.5  (library)  Puget  Sound.  Bremerton  WA.  (ode  289. 
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Mare  In..  Valle  |o.  CA.  liulc  5«X0.  (Woodrolt)  Norfolk.  Portsmouth.  VA.  (  ode  400.  Puget  Sound,  (  ode  404 
|li  .1  Riceio),  Norfolk.  Portsmouth  \  A.  Code  4 III.  Mure  Is  .  Yalleto  (  A.  (  ode  4411  Portsmouth  Nil.  (  ode 
440.  Norfolk,  (  ode  440.  Puget  Sound  Bremerton  \YA.  ( 'ode  4>0.  (  harleston  SC  l  1)  Vivian.  I  ibrarv 
Portsmouth  Nil:  P\V|)  tCodc  400).  Philadelphia  PA.  PWO.  Male  Is  PW().  Puget  Sound;  S(  I  ,  Pearl 
Harbor  Ml.  Salvage  Sup!.  Plnla  .  PA.  lech  l  ibran.  \alle|o.  (  A 
VAVSIA  AROlCC.  Hrooklwi  NY.  (()  Naval  Station.  May  port  II  (()  Roosevelt  Roads  PR  Puerto  Rieo; 

CO.  Brooklvn  NY;  Code  4.  12  Marine  (  oips  Dist.  1  reasure  Is  San  I  laneiseo  (  A.  Dir  Meeh  I  ngr.  (itmo. 

I  ngr  Du  .  Rota  Spam.  I  oug  Beach.  (  A.  Maml  (  out  D»\  .  Guantanamo  Ba\  <  uba  M.nnl  Din  Du  Code 
Rodman  Canal  /.one;  PWI)  (I  I.IG  PM  Motoleimh).  Puerto  Kuo.  P\S()  Miduav  Islaiui.  PWO. 

( iuantan.uuo  Ba>  (  uba.  PWO.  Kcliavik  Iceland.  PWO.  Mavport  II  .  ROK  (  Rota  Spam.  R()|((  .  Rota 
Spain;  S(  I  .  (iuam.  SCI.  San  Diego  (A;  SCI  Suhie  Ba\.  RP  Sccuritv  <  )||  i  San  I  raneisoi.  (  A.  Culities 
I  ngt  Otl  (AS  Ritchie  I  Rota  Spain 
NAVSCBAS1  Bangor.  Bremeiton.  WA.  SCI  .  Pearl  llaiboi  III 

NA\Sl  PPAC  I  CO.  Seattle  WA;  Code  41V  Seattle  WA.  I  11(1  McGanah.  M  (  \alle|o.  (  \.  Plan  I  ngt  Die  . 
Naples  Italy 

NAYSl  RFWPN(  I  S  PWO.  White  Oak.  Silver  Spring.  MD 
NA\Tl(  H!RA(  IN  SCI-.  Pensacola  H. 

NAVWPNCLN  Code  2(>5n  (W  Bonner).  China  Cake  (  A.  PWO  ((ode  >1  (Inna  I  akc  (  A  R('|(  (  ((ode 
702).  China  Lake  (  A 

NAVW  PNl  VAI.FAC  Sec  Oltr.  Kirtland  AFB.  NM;  Technical  library .  Albuquerque  NM 

NAVWPNSTA  (Clehak)  Colts  Neck.  NJ;  Code  092.  Colts  Neck  N.l;  Maint  Control  Dtr  .  Y’orktown  \  A 

NAVWPNS’l  A  PW  ( )  It  ice  (Code  INCH  Yorktown.  VA 

NAVWPNSTA  PWO.  Seal  Beach  (  A 

NAVWPNSl  PPC  I  N  Code  09  C  rane  IN 

NCBl  405  OK  ,  San  Diego.  (  A 

NCBC  ('ode  10  Davisville.  Rl;  (  ode  155.  Port  llueneme  (  A;  Code  15b.  Port  Mueneme.  (  A.  (  ode  400. 

(iulfport  MS.  PW  F.ilgrg.  Gulfport  MS.  PWO  (Code  SO)  Port  llueneme.  (  A;  PWO.  Davisvillc  Rl 
NCBC  411  OK  .  Norfolk  VA 

NCR  20.  Commander:  FWD  50th  C  DR  Diego  Gauva  Island 
NCSO  BAHRAIN  Security  Offt.  Bahrain 

NMCB  5.  Operations  Dept  .  74.  CO.  Forty.  CO;  IIIRM  Operations  OH 
NO  A  A  Library  Rockville.  MD 

NORDA  (ode  410  Bay  St  Louis.  MS.  (ode  440  (Ocean  Rseh  Oil)  Ba\  St  Louis  MS.  (  ode  5tHi.  Bav  St  l.oim 
MS 

NRI  Code  N400  Washington  D(  (  ode  S44I  iR  A  Skop).  Washington  IK  ;  Rosenthal,  (  ode  >440.  Wash  D( 
NS(  Code  54  I  (Wynne).  Norfolk  \  A 
NSD  SCI-.  Subic  Hay.  R  P 

NIC  Commander  Orlando.  FI.  OI(  C  CHI  -40].  (lrc.it  i  Acs  II 

NC(  LI  AR  RFGILAIORY  COMMISSION  I  (  Johns.. ,  Washington.  DC 

Nl  SC  (ode  1 51  New  London.  Cl.  Code  I  A 1 25  iKS  M«-  I.  Nev.  I  ondon  Cl  (ode  S5C\  B  so  (.1  Wilcox). 

(  ode  SB  551  (Brown).  Newport  Rl;  Code  1.AI5I  ((1  D-  la  (  tu/i.  New  Lon. Ion  Cl 

Ot  |- ANAS’  MangnU  Inti*  Do  Arlington  \  A 
(Ml  ANSYSI  AN  I  II  A  R  (oancola.  Norfolk  VA 

OFFK  I  SI  (  RL  I  ARY  ( >1  DI  I  I.NSI  AND  (MRAM.)  Code  CSSCC  Washington.  IK 

(>NR  (Dr  I  A  Silva)  Arlington.  VA;  Central  Regional  Oflice.  Boston.  MA;  l  ode  22 1.  Whngton  VA.  (  ode 

4sf.  Arlington  VA.  (  ode  4X1.  Bay  St  I  ouis.  MS.  (  ode  700F  Arlington  VA.  Di  \  I  aulci  Pasadena  C\ 
PACMISRANFAC  CO.  Kckaha  HI 
PIIIB(  H  I  IVY F..  Coronado.  (  \ 

I’M  !  (  Code  5144.  Point  Mugu.  (A  (ode  5551  (S  Opatovvskv)  Point  Mugu.  (A:  Code  4255  V  Point  Mugu. 

(  A.  LOI)  Mobile  I'nii.  Point  Mugu.  (  A.  Pat  Counsel.  Point  Mugu  (  A 
PW(  (I.t  F  S  Agonov)  Pensacola  FI  .  A(  F.  Office  (I  1.1(1  St.  (iermam)  Norfolk  VA.  CO  Norfolk.  VA;  CO. 

((  ode  HI).  Oakland.  (  A.  (  ().  Great  Lakes  II  .  Code  10.  Great  Lakes.  IL:  Code  1 10.  Oakland.  (  A;  Code 
I2h.  Oakland  (  A;  Code  I2(K  .  (Library)  San  Diego,  (  A:  Code  I2S,  Guam:  (ode  154.  Great  lakes,  II  . 

Code  200.  Great  Lakes  II. .  (  ode  2(K).  Guam.  Code  22(1  Oakland.  CA,  Code  220.1.  Norfolk  VA:  (ode  KK  . 
San  Diego.  CA.  (  ode  4* K ) .  Great  Lakes.  II  .  (tide  4(K).  Oakland.  CA:  Code  400.  Pearl  Harbor.  HI.  Code 
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